An important aspect of any recognition or identification task is one's knowledge of the set of alternative items from which the stimuli are drawn. In general, we can respond most accurately when we have the fullest knowledge of what stimulus events are possible. In many recognition experiments, however, the set of possible stimuli is left ambiguous at first and only after considerable experience in the situation does one become familiar with the range and variety of stimuli that are used and master a set of responses appropriate to them. In such experimental situations there is usually a considerable improvement in performance as one narrows down the initially ambiguous range of possible stimuli to the particular set that is actually presented.
At the same time, one's skill as such in recognizing items is improved by practice. Learning to recognize briefly or peripherally exposed materials, or learning to recognize items masked by noise or glare-these are skills that also improve with practice regardless of the items to be recognized. In the present experiment, improvement in knowledge of items to be recognized is measured as a function of S's mastery of the list of stimulus items. Thus two measures were taken, one of the degree to which the 1 This research was supported jointly by the Laboratory of Social Relations and the PsychoAcoustics Laboratory of Harvard University under its ONR Contract N5-ori-76 (Project NR 142-201, PNR-172). stimulus alternatives were known and a second of the accuracy with which these same stimuli could be recognized.
METHOD
The procedure utilized has as its objective the testing of two psychological processes: (a) the ability to recognize a list of words presented one at a time in a noisy channel (at a signal-to-noise ratio of -18 db) and (4) the ability to recall the same words. Four groups were used, varying in size from 13 to 15 Ss. All groups received identical treatment, to be described presently, save in one respect: the length of the word list they were required to recognize and recall varied. The lists contained either 8, 16, 32, or 64 words, all monosyllables drawn from the Egan list (2) and phonetically counterbalanced to reflect the average frequencies of occurrence of the various speech sounds in ordinary discourse. Each of the groups receiving lists of a certain length were subdivided in such a way that all 64 different words were presented. That is to say, in the group given a list of 8 words, for example, 8 subgroups were tested, each given a different portion of the 64-word list. Thus, the total scores of the 8-word group are based on the same stimulus materials as were presented to the 64-word group. The same procedure was used with the groups given 16-word and 32-word lists. Thus, four subgroups of the 16-word group had to be tested, and two subgroups of the 32-word group.
The sequence of recognition and recall tests was as follows: (a) Recognition Test I: Words were presented in the presence of a masking noise and S wrote down any words that he heard. The S was given no indication of the nature of the words, (b) Recall 1: Words were presented without the masking noise. The S was told that his task was to recall these words immediately after the entire list was read. At the end of the presentation S wrote all the words he could recall, (c) Recognition The recognition tests were conducted as follows. The list presented consisted of the 8, 16, 32, or 64 words. In each instance, a quarter of the words, selected at random, were repeated once in order to prevent S from operating by a process of elimination. The S was told: "We are interested in finding out how well some common words can be heard under conditions where there is a great deal of noise. By noise I mean a sound like this (masking noise demonstrated). I am going to read you a list of 8 (16, 32, or 64) words with the noise turned up. After I read each one, write down the word you think it is. I'll introduce each word with the phrase, 'The wore! is. . . .' Eight (16, 32, or 64) and only eight different words will be read; some of them may be repeated. Turn to page 1 of the booklet. Any questions ?"
The Ss were given from 4 to 6 sec. between word presentations for writing their responses. On the last four recognition tests, as mentioned earlier, Ss were given the lists in written form and told they could refer to these lists. The Ss received the words in noise through earphones (PDR-8). The speaker, a woman, monitored the signal-to-noise ratio by a VU meter. The voice channel had a frequency response essentially uniform from 200 to 6500 cycles. The masking noise had a uniform power spectrum through this range of frequencies and the over-all signal-to-noise ratio was set at -18 db.
In the recall procedure, the words were read over the same channel without noise present. The Ss were told that these were the same words that were being presented in the articulation test. The words were presented at the rate of one per second. Upon completion of the reading of the list, Ss were given an amount of time determined by the length of the list, during which they were instructed to write down as many words as they could remember. The length of time permitted was set at 3 sec. per word, e.g., the 8-word group was given 24 sec. They were told that it was not necessary to recall words in the same order in which they had been read.
The Ss of the 8-word, 16-word, and 32-word groups completed the experiment in one sitting requiring .5 to 2 hr. The 64-word group was given a 10-min. break after Recognition Test VI, the total time required being approximately three and a half hours.
RESULTS
As expected, the number of words recalled on successive trials increased -in sum, learning occurred. The average number of words recalled on successive trials, expressed in percentage of recall, are presented graphically in Fig. 1A . Again, as expected, the shorter lists were more easily learned and a larger percentage of the words in them was recalled.
The four learning curves are of the conventional form, showing a rapid initial increase and then leveling off. After 32 trials the four groups reached levels of approximately 99% for the 8-word list, 94% for the 16-word list, and 85% and 82% for the 32-word and 64-word lists. It seems likely that under the conditions of this experiment the asymptotes of the curves for the 32-word and 64-word lists would fall below 100% recall; these longer lists required longer experimental sessions with attendant boredom for Ss.
An interesting relation emerges between the lengths of the lists and the number of trials required to reach a given level of recall. For example, 50% mastery was exceeded on Trial 1 by the 8-word group, on Trial 2 by the 16-word group, on Trial 5 by the 32-word group, and on Trial 8 by the 64-word group. That is to say, the number of trials needed to reach criterion was a constant fraction (approximately |) of the length of the list. At the 75% recall level this fraction is of the order of .4, although more variability is evident-the 64-word group seems to reach the higher criterion in fewer trials than this simple hypothesis would predict. The individual recall functions have been discussed by Miller and McGill (4) and will not concern us here.
As for recognition scores, they show a marked improvement with practice. For the 8-word list, for example, the recognition scores increase from 2% to 92%; for the 64-word list the improvement is from 3% to 51%. Table 1 contains a summary for the lists of various length of the average number of words correctly recognized and of the frequencies of the different kinds of errors that occurred. Data for recognition on Trials VII-X are grouped to obtain a better estimate of asymptotic performance level when Ss operated without word lists before them. Similarly, the data for Trials XI-XIV are grouped, this time better to estimate optimum performance after learning has leveled off and when Ss operate with a word list before them as an aid. Figure IB presents data on the percentage of the list correctly recognized, these data being plotted on a common abscissa with the percentage of recall scores.
What of the relation between recognition and recall? Clearly the two are positively correlated. Consider an S operating in the recognition procedure before he has obtained any information about the list save that it is composed of English monosyllabic words. Under the conditions of this experiment, one would expect no difference as a function of length of list. Consistent differences in recognition begin to emerge only after S has studied the list. When S has achieved mastery, recognition performance is consistently better for the shorter lists. Although the same words appear in the short as in the long lists, it is nonetheless evident that discrimination is easier when S is set to select 1 out of 8 rather than 1 out of 64 alternative words (3) .
The relation between recall and recognition is made explicit in Fig. 2 . In Fig. 1 , both recall and recognition are plotted as a function of number of trials. It is therefore possible to relate level of recall directly to level of recognition independently of the number of trials required to reach these levels. It is such direct functions that have been plotted in Fig. 2 . In order to construct those functions, the curves in Fig. 1 had first to be smoothed, an operation performed by visual inspection. The smoothed functions were then related directly to each other, e.g., for the 32-word list, a 40% recognition score was obtained on the same trial that a 75% recall score was obtained, whereas for the the 8-word list, the 40% recognition score was obtained when the recall score reached 68%.
For recall scores below 60%, a single function can describe the relation between recognition and recall for all lengths of list; over this range, the recognition score for the noise level employed is approximately half of the recall score. Superior recognition of words in the shorter lists becomes evident only after S is able to recall more than half of the list.
In the recognition scores considered thus far three kinds of mistakes have been thrown together: (a) responses in which the presented word is identified as a word that is not on the list, (b) responses in which the presented word is mistaken for another word that is on the list, and (c) a "blank" response to the presented word. One would expect that the relative frequencies of the three kinds of error would change as learning progresses. In Table 2 (B, C, and D) the three kinds of recognition errors are presented for the lists of different length. Note first that there is a steady decline of nonlist errors for all lengths of list. List errors, on the other hand, tend to increase even though the total number of errors being made is declining. The number of blank responses remains approximately constant for all lists, save the shortest. In the 8-word case, there is a decline in such blank responses, possibly explainable as adaptation to the articulation testing situation in which this group had considerably less experience than other groups, since for them each recognition trial consisted of but ten words.
The marked improvement in recognition scores can, then, be accounted for by the steady elimination of extraneous or nonlist responses as learning progressed.
DISCUSSION
The Ss who were tested with the 64-word list received eight times as much practice in recognizing words in noise as did those tested with the 8-word lists, four times as much as the 16-word Ss, and twice as much as the 32-word Ss. This learning process-learning to distinguish the spoken sounds from the interfering sound-must be contrasted with learning the words on the respective lists. As a consequence of the experimental design, the 8-word group had the best opportunity for mastering the recall task and the poorest opportunity to master the technique of word recognition. How critical this fact is for the interpretation of the results will shortly become evident. ' What relation would one expect between recognition and recall in this situation ? Two alternative hypotheses present themselves. According to the first of these, recognition and recall are unrelated; recognition improves with practice in recognizing and is unaffected by the extent to which the person can recall the items to be recognized. If this were the case, one would expect that those who worked with 64-word lists would show more improvement in recognition because they had more practice at it.
According to the second hypothesis, recognition is a process of matching the stimulus input to one of a set of recalled (i.e., available) items. This matching process gets more difficult as the number of items increases. For example, a listener who recognizes that a stimulus might be any one of 8 items on a 64-word list is in some sense performing at the same level as one who correctly recognizes that the stimulus is a particular one of the items on an 8-word list. According to this hypothesis, one would expect that J's who worked with 8-word lists would show more improvement in recognition because at any point in learning the same discriminative capacity would produce a higher percentage of correct matchings.
The two hypotheses, therefore, lead in opposite directions. The first predicts greater improvement for the long lists, whereas the second predicts greater improvement for the short lists.
If we look only at the point where learning has reached a maximum and 5s have the complete lists before them, we see that the second hypothesis provides an adequate description of the data. In terms of information theory, a stimulus from the 8-word list represents 3 bits of information, one from the 16-word list represents 4 bits, from the 32-word and 64-word lists, S and 6 bits, respectively.
That is to say, 3, 4, 5, and 6 binary decisions are needed to match a particular stimulus input correctly when there are 8, 16, 32, and 64 alternatives. At maximum performance Js were able to get 93% of the 3-bit, 75% of the 4-bit, 64% of the 5-bit, and 51% of the 6-bit discriminations. If we take these proportions as a rough approximation, therefore, we find that <?s were able to handle about 3 bits of information in every case. In sum, the second hypothesis is consistent with the asymptotic performance.
At preasymptotic levels of learning, however, neither hypothesis alone is adequate. Indeed, when recall scores are less than 60%, recognition scores in all four groups are indistinguishable. How to explain this result?
Note that the two hypotheses are not mutually exclusive. Nothing precludes the possibility that both types of learning go on simultaneously. If both types occurred, one might well expect that the advantages accruing to the longer lists from learning to recognize would counterbalance the margin to be gained by the ease of learning to recall the shorter lists. Thus the curves in Fig. 2 probably represent the combined effects of both forms of learning. If equal amounts of discrimination practice had been given to all groups, we would expect that the shorter lists would have been recognized more accurately at all stages of learning.
Finally, we must raise anew the question of what is involved when identification or recognition improves with practice. At least two aspects of recognition must be distinguished. One of them can be described as discriminative skill. The acquisition of discriminative skill involves such things as abstracting relevant from irrelevant stimulus dimensions, learning when to listen or where to look, and in most general terms learning to overcome internal and external distractions. Relatively little is understood about learning such discriminative skill, but it may well be that such classical experiments as the abstraction studies (e.g., 1) can shed light on the phenomena involved. A second aspect of recognition is discriminative matching, a process of sorting the stimulus inputs into appropriate categories. Matching improves when a person learns what categories to use. The development of discriminative skill makes it possible to match inputs to categories once the categories have been established. In sum, two learning processes may develop simultaneously and complement each other in the recognition task. It is only after these two learning processes have stabilized that performance in recognition can be serviceably described in terms of the concepts of information theory. SUMMARY
Lists of 8, 16, 32, or 64 monosyllabic words were learned by a free recall method. Before, during, and after this learning period, tests were made of S's ability to recognize these words spoken in the presence of a severe masking noise. Both recall and recognition scores increased with practice. The increases were largest and most rapid for the short lists. The improvement in accuracy of recognition is attributed to two different learning processes: (a) the acquisition of discriminative skill, which seems to involve an adjustment by S to relevant aspects of the recognition task, and (b) the improvement in discriminative matching, which results from knowledge of the set of alternative possibilities to which the individual stimulus events must be matched.
